Introduction {#S0001}
============

Neuroendocrine neoplasms (NEN) are recognized as true neoplasms with characteristic neuroendocrine differentiation that arise from neuroendocrine cells throughout the whole body.[@CIT0001] Since it was first recognized as *karzinoide* (carcinoid) in 1907,[@CIT0002] NEN was considered as a fairly infrequent and indolent tumor. In the past several decades, with further researches to elucidate the mechanism and characteristics of NEN,[@CIT0003]--[@CIT0005] it has been seen as a heterogenous disease and many sophisticated diagnosis and treatment guidelines including the World Health Organization (WHO) classification and the European Neuroendocrine Tumour Society (ENETS) guidelines were established.[@CIT0006]--[@CIT0008] As the application of advanced medical imaging and endoscopic techniques, the incidence rate of NENs of many anatomic sites was increasing in the past half century.[@CIT0004],[@CIT0009] Based on the SEER database, the incidence of NENs is 5.25/100,000 in 2004, while the most common primary tumor sites are gastrointestinal and respiratory tracts.[@CIT0009] Primary gallbladder neuroendocrine tumor, which comprise only 0.5% of all NENs, is an extremely rare disease.[@CIT0010] Despite the rapid development of the recognition of the pathogenesis and treatment of NENs, little is known about gallbladder NENs due to the rarity. Unlike NENs from other common sites, primary gallbladder NENs are mostly asymptomatic initially and often diagnosed at aggressive stage. Therefore, once diagnosed, extensive surgery and careful follow-up are mandatory and radical surgical resection is thought to be the relatively optimal treatment while medical therapy will be favorable in high grade metastatic carcinomas.[@CIT0010]--[@CIT0013] However, current treatment strategies cannot prevent patients from poor prognosis and overall survival time varied from 4 to 13.7 months,[@CIT0011],[@CIT0014],[@CIT0015] which was significantly worse than gallbladder adenocarcinoma (GB-ADC), the most common carcinoma of gallbladder. In this report, we introduced and analyzed 15 patients with gallbladder neuroendocrine carcinoma (GB-NEC) treated in two tertiary medical centers in The People\'s Republic of China between 2009 and 2015, then we compared them with patients of GB-ADC using a propensity score analysis and discussed their clinicopathological features and prognosis.

Materials and Methods {#S0002}
=====================

Patients {#S0002-S2001}
--------

Searching for patients with GB-NEC was performed in two tertiary medical centers in The People\'s Republic of China. Patients with GB-NEC were chosen if the following inclusion criteria were satisfied: 1) the anatomic site of tumor was in the gallbladder which was confirmed by imaging and surgery; 2) the diagnosis of GB-NEC was made by experienced pathologists with cells of variable mitotic activity and positive expression of more than one type of immunohistochemical stain, including CgA, Syn and CD56, based on the 2010 WHO classification of tumors of the digestive system;[@CIT0006] and 3) patients had detailed and intact medical records and follow-up data. Patients' medical records including basic demographic information, clinical symptoms, TNM staging, pathological classification, distant metastasis, treatment, recurrence, and survival time, were reviewed retrospectively ([Table 1](#T0001){ref-type="table"}). To perform propensity score matching with GB-NEC, patients with GB-ADC were also selected. As with the patients with GB-NEC, their demographic information and clinicopathological features were also collected. Between 2009 and 2015, 15 cases of GB-NEC and 171 cases of GB-ADC which fulfilled the inclusion criteria were taken into analysis. The study was approved by the institutional review board at both medical centers.Table 1Clinicopathological Features of 15 Cases of Gallbladder Neuroendocrine CarcinomaTotal Number15Age, Mean (Range)**58.4 (26--75)**Treatment (%)**Sex (%)** Cholecystectomy1 (6.7%) Male7 (46.7%) Radical resection\*10 (66.7%) Female8 (53.3%)  Postoperative chemotherapy4 (26.7%)**Clinical symptom (%)**  Post-relapse chemotherapy3 (20.0%) Abdominal pain8 (53.3%) Chemotherapy2 (13.3%) Jaundice1 (6.7%) Chemotherapy+intervention+radiotherapy1 (6.7%) Weight loss6 (40.0%) Palliative therapy1 (6.7%)**TNM stage (%)Differentiated degree (%)** II4 (26.7%) Well differentiation1 (6.7%) IIIA4 (26.7%) Intermediate differentiation4 (26.7%) IIIB3 (20.0%) Poor differentiation10 (66.7%) IVB4 (26.7%)**Ki-67 index (%)Nevin stage (%)** \>20%12 (80.0%) III8 (54.3%) Unknown3 (20.0%) IV3 (20.0%)**Immunohistochemical stain (%)** V4 (26.7%) CgA (test in 13 cases)12 (92.3%)**Distant metastasis (%)** Syn (test in 13 cases)13 (100%) Liver2 (13.3%) CK (test in 4 cases)4 (100%) Bone1 (6.7%) CD56 (test in 12 cases)11 (91.7%) Right neck lymph node1 (6.7%)**OS rate (%)Histopathologic subtype (%)** 1-year60.0% NEC10 (66.7%) 2-year33.3% MANEC5 (33.3%) 3-year26.7%**Median OS (month)**20.4[^2]

Pathological Classification and Staging {#S0002-S2002}
---------------------------------------

In this study, the diagnosis and staging of the GB-NEC and GB-ADC are based on the 2010 WHO classification of tumors of the digestive system, the AJCC cancer staging definition of gallbladder (eighth edition)[@CIT0016] and the Nevin staging system.[@CIT0017]

The 2010 WHO classification divides neuroendocrine tumors into three histopathologic subtypes: neuroendocrine tumors (NETs), neuroendocrine carcinomas (NECs), and mixed adenoneuroendocrine carcinomas (MANECs).[@CIT0006] NETs are composed of well-differentiated cells with similar features of normal gastrointestinal endocrine cells and express neuroendocrine markers and hormones. According to ENETS consensus of grading proposal for foregut neuroendocrine tumors,[@CIT0007] NETs have two tier, G1 and G2, based on mitotic count and Ki-67 index: G1, mitotic count \<2 per 10 HPF and/or ≤2% Ki 67 index; and G2, mitotic count 2--20 per 10 HPF and/or 3--20% Ki 67 index. In the meantime, NECs belong to G3, defined as mitotic count \>20 per 10 HPF and/or \>20% Ki 67 index. Moreover, NECs encompass small cell and large cell types, which both are poorly differentiated and highly malignant neoplasm, with highly cellular atypia, extensive necrosis and higher mitotic figures. MANECs are complexes of adenocarcinoma and NEC, and by arbitrary definition, each part should comprise at least 30% of the whole neoplasm.

The TNM stage is determined according to the pathological report, which clearly stated the invasion degree, lymph node and distant metastasis, based on the 8th AJCC cancer staging system of gallbladder.[@CIT0016] The Nevin staging system was first described by James E. Nevin in 1976.[@CIT0017] Lesions of Nevin stage I involve intramucosal only; stage II, mucosa and muscularis; stage III, all three layers involved. For Nevin stage IV, cystic lymph node metastasis is detected; while patients with stage V have distant metastasis including hepatic metastasis.

Statistical Analysis {#S0002-S2003}
--------------------

The overall survival of GB-NEC was described using the Kaplan-Meier method. Univariate survival analysis was performed by the Log rank test. In addition, we collected a list of cases of GB-ADC to compare the clinical features and prognosis between two pathological types of biliary carcinomas. To minimize the impact of other confounding factors on prognosis, we used a propensity score analysis to match these two types of patients in a 1:2 ratio using the nearest neighbor matching. The confounders used for matching included gender, age, Nevin stage, and radical surgery. For both GB-NEC and GB-ADC, the extent of radical resection should include cholecystectomy, partial hepatectomy and hepatoduodenal lymphadenectomy. We used paired *t* test to compare two groups of matched patients. The overall survival difference between the two groups was compared by the Log rank test and estimated according to the Kaplan-Meier method. Two-sided P values were computed and P\<0.050 was considered statistically significant. All aforementioned statistical analyses were implemented using SPSS version 22.0 for Windows (IBM Corporation, Armonk, NY, USA).

Results {#S0003}
=======

General Characteristics and Clinical Presentations {#S0003-S2001}
--------------------------------------------------

[Table 1](#T0001){ref-type="table"} shows detailed characteristics of all 15 patients with gallbladder NEC. In the 15 cases, there were seven men and eight women, with a median age of 58.4 years (range 26--75). Lesions in all cases were located in the gallbladder. The clinical presentations had no specificity, while the most common symptoms were abdominal pain (8, 53.3%) and weight loss (6, 40%) and one patient was diagnosed with jaundice. None of NECs in these patients showed any neuroendocrine function.

Staging {#S0003-S2002}
-------

For TNM staging, four cases were stage II, four cases stage IIIA, three cases stage IIIB and the rest four cases stage IVB. Of the patients with stage IVB, two of them had distant metastases in the liver, one in the liver and bone, and the other one in the right neck lymph nodes. Nevin staging system were also used to classify these patients: more than half of the patients (8, 54.3%) belonged to Nevin stage III, three patients were stage IV and the remaining four cases stage V.

Histopathological Features {#S0003-S2003}
--------------------------

According to the 2010 WHO classification, ten patients were diagnosed with NECs and five were MANECs. As for differentiated degree, most cases (10, 66.7%) were poorly differentiated and only one case was well-differentiated. The Ki-67 index was available in 12 patients, which were all \>20% and mostly over 60%. The NEC biomarkers were evaluated by immunohistochemistry and the positive rate was high. CgA was positive in 12 of 13 patients (92.3%) and Syn was positive in all 13 tested patients, while the positive rate of CD56 and CK were 91.7% and 100% (11/12 and 4/4).

Treatments {#S0003-S2004}
----------

Of the 15 cases, radical resections were performed in ten patients (66.7%) and among them, four received postoperative chemotherapy (40%) and three underwent chemotherapy when the recurrence of the disease appeared (30%). One patient only had cholecystectomy, whose postoperative pathology turned out to be T3 stage. Of the rest, one patient had palliative therapy, two patients (13.3%) who had distant metastases only received chemotherapy and one patient who had both liver and bone metastases had complex treatments including chemotherapy, interventional therapy and radiotherapy. Among the total 10 patients who had chemotherapy, eight of them received EP regimen (Etoposide+ Cisplatin) and one had GP regimen (Gemcitabine+ Cisplatin).

Clinical Outcomes {#S0003-S2005}
-----------------

The 1, 2, and 3-year overall survival rates of patients with GB-NEC were 60.0%, 38.8%, and 31.1%, respectively and the median survival time was 20.4 months (range 0.5--40.0 months; [Figure 1](#F0001){ref-type="fig"}).Figure 1The overall survival rate of all 15 cases with GB-NEC.

Univariate survival analysis demonstrated factors including gender, age, clinical symptoms, TNM stage, histopathologic subtype (NEC or MANEC) and treatment choice (radical operation or not, chemotherapy or not) had no prognostic significance, however, the median overall survival time in patients without lymph node metastasis was significantly longer than in those with lymph node metastasis (26.0 vs 10.4 months, p\<0.05; [Figure 2](#F0002){ref-type="fig"}).Figure 2Lymph node metastasis is a strong prognostic factor for GB-NEC (p=0.015).

Since TNM staging cannot stratify patients with diverse prognosis, Nevin staging was used in our patients. As a result, Nevin stage III showed a significant protective effect on overall survival compared to Nevin stage IV (p\<0.05). Nevertheless, there were no significant differences between patients with Nevin stage III and V or patients with Nevin stage IV and V (stage III vs V, p=0.088; stage IV vs V, p=0.886; [Figure 3](#F0003){ref-type="fig"}).Figure 3Nevin stage III had significantly better clinical outcomes than Nevin stage IV (stage III vs IV, p=0.006; stage III vs V, p=0.088; stage IV vs V, p=0.886).

Propensity Score Analysis {#S0003-S2006}
-------------------------

A group of 30 patients with GB-ADC was formed using propensity score matching in a 1:2 ratio ([Table 2](#T0002){ref-type="table"}). Among matched patients with GB-ADC, they had 13 male patients (43%) and the average age was 62.1 (range 50--78). The number of cases with TNM stage II, III, and IV were 10, 13, and 7, respectively. Accordingly, 16 patients were Nevin stage III, five cases were Nevin stage IV and nine cases Nevin stage V. Overall, 20 patients received radical cholecystectomy, and four of them had postoperative chemotherapy. A total of 6 patients underwent cholecystectomy and among them, postoperative chemotherapies were performed in two patients. In the rest, three patients had sole chemotherapy and one patient had comprehensive treatments including cholecystectomy, chemotherapy, and radiotherapy.Table 2Clinicopathological Characteristics of Patients with Gallbladder AdenocarcinomaTotal Number30Age, Mean (Range)**62.1 (50--78)**Distant Metastasis (%)**Sex (%)** Liver3 (10.0%) Male13 (43.3%) Pancreas1 (3.3%) Female17 (56.7%) Bone1 (3.3%)**TNM stage (%)** Ovary1 (3.3%) II10 (33.3%) Lung and peritoneum1 (3.3%) III13 (43.4%)**Treatment (%)** IV7 (23.3%) Cholecystectomy6 (20%)**Nevin stage (%)**  Postoperative chemotherapy2 (6.7%) III16 (53.3%) Radical cholecystectomy20 (66.7%) IV5 (16.7%)  Postoperative chemotherapy4 (13.3%) V9 (30.0%) Chemotherapy3 (10.0%)**Differentiated degree (%)** Cholecystectomy+chemotherapy+radiotherapy1 (3.3%) Well differentiation4 (13.3%)**Overall survival rate (%)** Intermediate differentiation12 (40.0%) 1-year86.7% Poor differentiation12 (40.0%) 2-year82.1% Unknown2 (6.7%) 3-year63.8%

In regard to the 30 cases of GB-ADC, the 1-, 2-, and 3-year survival rates were 86.7%, 82.1%, and 63.8%, respectively, while the median survival time was not reached. Paired *t* test demonstrated that baseline variables had no statistically significant difference between matched samples ([Table 3](#T0003){ref-type="table"}). The 3-year overall survival rates of GB-ADC were significantly better than GB-NEC (63.8% vs 31.1%, p\<0.01) ([Figure 4](#F0004){ref-type="fig"}), which demonstrated that even with the similar age, gender, Nevin stage, and treatment, GB-NEC still had worse overall survival than GB-ADC.Table 3Baseline Clinical Characteristics of Matched Samples by the Propensity ScoreVariablesGallbladder Neuroendocrine CarcinomaGallbladder AdenocarcinomaP value\*N=15N=30Male, N (%)7 (46.7%)13 (43.3%)0.769Average age58.462.10.130TNM stage0.264 II4 (26.7%)10 (33.3%) III7 (46.6%)13 (43.4%) IV4 (26.7%)7 (23.3%)Nevin stage0.326 III8 (53.3%)16 (53.3%) IV3 (20.0%)5 (16.7%) V4 (26.7%)9 (30.0%)Radical surgery, N (%)10 (66.7%)20 (66.7%)1.000[^3] Figure 4Patients with GB-NEC survived worse than patients with GB-ADC.**Abbreviations:** OS, overall survival; GB-ADC, gallbladder adenocarcinoma; GB-NEC, gallbladder neuroendocrine carcinoma.

Discussion {#S0004}
==========

Gallbladder cancer is a relatively uncommon neoplasm, of which adenocarcinoma (ADC) is the most common histological type.[@CIT0018] While NEC of gallbladder (GB-NEC) is extremely rare, comprising less than 1% of all NET and less than 3% of all gallbladder tumors.[@CIT0004],[@CIT0009],[@CIT0019] Due to its rarity, studies of GB-NEC are mostly case reports and only a few studies were single-center researches with small samples.[@CIT0011],[@CIT0013]-[@CIT0015],[@CIT0020] Therefore, the data to evaluate the clinicopathological characteristics are limited. In our study, 15 patients with GB-NEC from two well-known tertiary medical centers were included, which makes it one of the largest series of GB-NEC in China.

The pathogenesis of GB-NEC is not elucidated clearly yet, previous literatures suggested that intestinal or gastric metaplasia of biliary epithelium, secondary to cholelithiasis and chronic inflammation, or multipotent cells of gallbladder could contribute to the disease.[@CIT0010] The neuroendocrine cells are thought to be derived from local multipotent stem cells instead of neural crest cells by migration.[@CIT0021] In addition, Li et al[@CIT0022] performed whole-genome sequencing in a case of metastatic small-cell GB-NEC and identified that some gene mutation associated with ERBB signaling, such as ERBB4, HRAS and NRG1, could play a role in gallbladder carcinogenesis.

The average age in our study was 58.4 (range 26--75), which shows no significant difference with previous studies.[@CIT0012],[@CIT0014],[@CIT0020] Some studies found more female patients in their cohorts,[@CIT0010],[@CIT0012],[@CIT0020] however, other studies including ours showed no clear female tendency.[@CIT0011],[@CIT0013],[@CIT0014] Most of the cases in our study had no specific clinical presentation, in accordance with most previous literatures,[@CIT0012]--[@CIT0014] however, functional neuroendocrine tumors of gallbladder were also reported, including causing hyperinsulinemia, paraneoplastic sensory neuropathy and Cushing's syndrome.[@CIT0023]--[@CIT0025] Since no specific characteristics can be used to identify GB-NEC, all 15 cases were treated as patients with gallbladder adenocarcinoma in the beginning. However, Kimet al[@CIT0020] believed that GB-NECs had well-defined margins (intact overlying mucosa), larger hepatic and lymph node metastases than GB-ADCs, which can be used as CT discriminators.

The diagnosis of GB-NEC was mostly based on pathological and immunohistochemical (IHC) tests; meanwhile, the neoplasm must originate from the gallbladder instead of invasion of NEC from liver or other organs. The differential degree and Ki-67 index are necessary for the grading of GB-NEC. As the term "neuroendocrine" indicated, immunoexpression of neuroendocrine markers such as chromogranin A (CgA) and synaptophysin (Syn) is required to affirm a GB-NEC.[@CIT0026] Moreover, the plasma level of IHC biomarkers like CgA is deemed to correlate with tumor burden in untreated patients and poor-differentiated NECs tend to secrete less CgA than highly differentiated NECs, therefore they may be used to monitor efficacy and detect recurrence.[@CIT0027] In our cases, most of them were neuroendocrine carcinomas instead of mixed adenoneuroendocrine carcinomas, while small cell NECs predominated. Positive staining of CgA and Syn, as well as other biomarkers is present in our cases. In addition, the majority were poorly differentiated and had high Ki-67 values. Like other types of NECs, poorly differentiated cells, elevated Ki-67 and high mitotic index are believed to be predictive of a poor outcome in patients with GB-NEC.[@CIT0010] However, in our analysis, they did not show that tendency.

TNM staging is believed to be an important prognostic factor for neuroendocrine tumors. Analysis of pancreatic NETs demonstrated that patients with stage III and IV had significantly shorter 5-year survival.[@CIT0028] In the present study, eleven patients (73.3%) had stage III and above, nine of which (81.2%) survived less than 2 years. On the contrary, three of four patients (75.0%) with early stage lived more than 3 years. However, univariate analysis found no significant difference for overall survival between diverse TNM stages, which might be due to the relatively small case numbers. Instead, we used Nevin staging system to categorize patients and it turned out that patients of Nevin stage III had significantly better overall survival than stage IV (p\<0.05). The main difference between Nevin stage III and IV is lymph node metastasis,[@CIT0017] which is in accordance with our finding that lymph node metastasis is a strong negative prognostic factor (median OS: 26.0 vs 10.4 months, p\<0.05). Meanwhile, the limitation of case load might be the reason why patients of Nevin stage V did not show a similar trend.

Studies discussing the prognostic difference between GB-ADC and GB-NEC and their results are inconsistent. Chen et al[@CIT0012] and Kim et al[@CIT0020] found patients with GB-NEC had significantly shorter survival time, which they believed was due to the higher percentage of patients with advanced stage and lymphatic metastases; however, Yun's study did not support this hypothesis.[@CIT0029] We suspected confounding factors between two types of patients might affect the conclusion, therefore our study used propensity score matching to minimize the influence of other confounding factors including age, gender, TNM and Nevin stage, and treatment choice. However, GB-NEC still had worse overall survival than GB-ADC (3-year survival rate: 31.1% vs 63.8%, p\<0.01), which demonstrated that further investigation such as genomic analysis is needed to explore underlying reasons.

Therapeutic options are limited in GB-NECs due to its malignancy and delayed diagnosis. Radical resection is the first treatment choice if it is available. More than 70% of our cases received surgery. But the deficient number of cases might be the reason why our study did not show this significance. For patients with unresectable GB-NECs, the primary therapy would be chemotherapy. Although it is believed that chemotherapy could not improve survival and can only be used as a palliative choice in previous studies,[@CIT0010],[@CIT0030] it seems that in our data patients who received chemotherapies showed no worse survival than resectable patients. Besides, a patient of TNM stage 4B had comprehensive treatments including chemotherapy, interventional therapy and radiotherapy and he survived 36 months, which is distinctly longer than median survival time. This case emphasized the importance of the multi-disciplinary team (MDT) and personalized treatment for advanced patients.

This study had some limitations. First, due to the scarcity of patients with GB-NECs, the case numbers were relatively insufficient, which led to the difficulty of multivariate analysis. Second, it was a retrospective research and the data collection was limited. Therefore, it is necessary to conduct a prospective study with larger sample size to analyze the clinical features of GB-NECs in an attempt to find better treatments.

Conclusion {#S0005}
==========

We have presented the clinical characteristics of 15 cases of gallbladder neuroendocrine carcinoma (GB-NECs), which is one of the biggest studies of this rare disease in The People\'s Republic of China so far. The median overall survival was 20.4 months and the 1-, 2-, and 3-year survival rates were 60.0%, 38.8%, and 31.1%, respectively. The univariate analysis showed that Nevin stage helped classify patients with different prognoses: patients of Nevin stage III showed better overall survival than ones of Nevin stage IV, in accordance with the finding that lymph node metastasis is a strong negative prognostic factor for overall survival. Moreover, propensity score analysis demonstrated that after eliminating the effect of confounding factors like age, gender, Nevin stage and treatment choice, GB-NEC still had worse overall survival than gallbladder adenocarcinoma. In addition, early diagnosis and radical surgery are recommended, while as for unresectable patients, multi-disciplinary and personalized treatments may improve the prognosis. Case recruitment is needed in the future to further discuss other prognostic factors and find better treatments.
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